Background--Low-density lipoprotein cholesterol (LDL-C) control is higher among insured than uninsured adults, but data on time trends and contributing factors are incomplete and important for improving health equity.
undiagnosed hypercholesterolemia and 241 000 fewer individuals with uncontrolled hypercholesterolemia if the uninsured population were reduced 50%. 13 Cross-sectional studies found that large gaps in the treatment and control of cardiovascular risk factors, including diabetes mellitus, hypercholesterolemia, and hypertension, in pre-Medicare aged adults virtually disappear with Medicare insurance. 5, 14, 15 Moreover, individuals with public and private healthcare insurance attained similar rates of awareness, treatment, and control of hypertension, despite the fact that those with public insurance, like the uninsured, were more often minority and had lower incomes and less education. 16 Control of atherogenic low-density lipoprotein cholesterol (LDL-C) has improved over time, 9, 11 and disparities in cholesterol screening between uninsured and publicly insured adults have been narrowing. 17 Although greater equity in screening is relevant, the more important outcome is whether disparities in LDL-C treatment and control between insured and uninsured are closing. The literature is less clear on this key point. In this report, differences in awareness, treatment, and control of hypercholesterolemia were assessed between insured and uninsured adults and between adults with public and private healthcare insurance from 2001 to 2012. The clinical epidemiological features of hypercholesterolemia were assessed using the Adult Treatment Panel-3 guideline in effect during this time period. 18 To inform potential interventions to improve current guideline-recommended LDL-C management, 1 the independent effects of healthcare insurance, demographic, socioeconomic, educational, and healthcare variables were examined.
Methods

NHANES (
The National Health and Nutrition Examination Surveys) are conducted by the National Center for Health Statistics. 3, 5, 6, [8] [9] [10] [11] A representative sample is obtained of the US civilian noninstitutionalized population with oversampling of Hispanic and black individuals to allow for meaningful comparisons with whites. All adults participating in NHANES provided written informed consent, approved by the National Center for Health Statistics. Participants included adults, aged 21 to 64 years, in NHANES, 2001 to 2012, who had fasting laboratory samples. Triglyceride values, required to calculate LDL-C (in mg/dL), a key variable in this analysis, are only available from fasting samples.
Definitions
Race-ethnicity was determined by self-report and designated as non-Hispanic white (white), non-Hispanic black (black), Hispanic ethnicity, and other race-ethnicity groups. The individual groups in the other category were not analyzed separately, given small sample sizes.
Medical visits were defined by response to "How many times did you receive health care during the past year?" Responses were classified into 0 to 1, 2 to 3, and ≥4 visits/year.
Healthcare insurance during the past 12 months was defined by response to "Are you covered by health insurance or some other kind of healthcare plan?" Private insurance was defined by response to "Are you covered by private insurance?" or "Are you covered by Medi-Gap?" Medicaid insurance was defined by response to "Are you covered by Medicaid?" Medicare insurance was defined by response to "Are you covered by Medicare?" Other government insurance was defined by responses to "Are you covered by: Civilian Health and Medical Program of the Uniformed Services/Veterans Affairs/military health care?," "Indian Health Service?," "statesponsored health plan?," or "other government insurance?" Public insurance includes Medicaid, Medicare, and other government insurance. Uninsured individuals and those with private or public health insurance were included in the analysis.
Poverty index was calculated by dividing family income by the poverty guidelines, according to family size, appropriate year, and state. 16, 19 Educational status was determined by the highest grade or level of school completed or highest degree received.
Clinical Perspective
What Is New?
• What Are the Clinical Implications?
• Less frequent health care emerged as more important than race-ethnicity, income, and education in accounting for differences in low-density lipoprotein cholesterol between insured and uninsured adults.
• Providing private or public healthcare insurance that covers preventive healthcare services to uninsured adults emerges as an important variable in reducing and eliminating the rapidly growing gap in low-density lipoprotein cholesterol control between insured and uninsured adults.
Hypercholesterolemia was defined by LDL-C values relative to 3 levels of 10-year Framingham coronary heart disease (CHD) risk 18 : level 1, LDL-C ≥100 mg/dL in patients with diabetes mellitus or clinical cardiovascular disease (CVD; CHD risk equivalent) or calculated Framingham 10-year CHD risk >20%; level 2, LDL-C ≥130 mg/dL in subjects with 10-year CHD risk 10% to 20% and subjects with 10-year CHD risk <10% and at least 2 major CHD risk factors; and level 3, LDL-C ≥160 mg/dL in subjects with 10-year CHD risk <10% and 0 to 1 major risk factors. Hypercholesterolemia was also defined by affirmative answers to "Are you now taking medication to lower your cholesterol?" or a positive match between medication(s) reportedly taken and known lipid-lowering medication(s). Awareness of hypercholesterolemia was defined by positive responses to "Has a physician ever told you that you had high cholesterol?" as the numerator and all hypercholesterolemic patients as the denominator.
Treatment of hypercholesterolemia was defined by an affirmative answer to "Are you now taking medication to lower your cholesterol?" and/or a positive match between medication(s) reported or brought to the examination and known lipid-lowering medication(s).
Control of hypercholesterolemia was defined as LDL-C <100, <130, and <160 mg/dL among adults in levels 1, 2 and 3, respectively, as defined above.
Major CHD risk factors were defined as described with available NHANES data. 18 CHD was defined by a positive response to "Has a physician ever told you that you had a myocardial infarction?" and/or "CHD?" or angina by the Rose questionnaire. 20 CHD risk equivalents included stroke, defined by a positive response to the question "Has a physician ever told you that you had a stroke?," 21 and diabetes mellitus, as defined later. CHD risk factors included cigarette smoking, hypertension (blood pressure [BP] ≥140/ ≥90 mm Hg or taking antihypertensive medication), and low HDL cholesterol (<40 mg/dL). Family history of premature CHD was defined as CHD in a first-degree relative before the age of 50 years, given limited documentation on family history of CHD in NHANES. 22 Diabetes mellitus included diagnosed and undiagnosed diabetes mellitus. 23 Diagnosed diabetes mellitus was defined by a positive response to 1 or more questions, "Have you ever been told by a physician that you have diabetes mellitus?," "Are you now taking insulin?," "Are you now taking diabetic pills to lower your blood glucose?" and a match between medication(s) reported or brought to the examination and known diabetes mellitus medication(s). Undiagnosed diabetes mellitus was defined as fasting glucose ≥126 mg/dL and/or glycosylated hemoglobin ≥6.5%. Body mass index was defined as kilograms (weight) per meter squared (height).
BP was measured and reported, as described. 16 Hypertension was defined by systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg, and/or a positive response to the question "Are you currently taking medication to lower your BP?" 16 CVD was defined by any of the following conditions: CHD, stroke, and congestive heart failure. Congestive heart failure was determined by response to the question "Has a physician ever told you that you had congestive heart failure?" 21 Cigarette smoker was defined if a patient answered "every day" or "some days" to the household question "Do you now smoke cigarettes?"
Data Analysis
SAS Enterprise Guide 7.1 was used for all analyses to account for NHANES complex sampling design. Only participants with fasting laboratory data were included in this analysis, and fasting sample weights were used. Estimates for prevalent hypercholesterolemia are based on all adults in the fasting sample, whereas awareness, treatment, and control were restricted to individuals with hypercholesterolemia.
Standard errors of the mean (SEM) were estimated with Taylor series (linearization) method. PROC SURVEYMEANS was used for means. PROC SURVEYFREQ was used to estimate percentages. PROC SURVEYLOGISTIC was used to explore simultaneous effects of multiple covariates on awareness, treatment, and control of elevated LDL-C. RaoScott v 2 test in PROC SURVEYFREQ was used to test for differences in categorical variables; Wald F test in the PROC SURVEYREG was used to test for differences in continuous variables. For categorical variables with >2 categories, differences across categories were assessed. P<0.05 was accepted as statistically significant.
Results
The process for selecting the study sample of adults, aged 21 to 64 years, with hypercholesterolemia from NHANES 2001 to 2012, according to the National Cholesterol Education Program III guideline, is shown in Figure 1 .
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Comparisons of Insured and Uninsured Adults
Of an estimated 53 468 994 US adults, aged 21 to 64 years, with high LDL-C in NHANES 2001 to 2012, 18.1% were uninsured. The uninsured subset is younger, less likely to be white, and more likely to be minority, especially Hispanic. Approximately half of uninsured adults report little health care (<2 healthcare visits/year), and two thirds report incomes <200% of the federal poverty level, versus lower than one fourth of insured adults for both variables. Of uninsured adults, >60% deny any college education versus 40% of insured adults. Mean body mass index, prevalent hypertension, and HDL-C are greater, whereas total cholesterol and LDL-C are lower, for insured than uninsured adults. Prevalent diabetes mellitus and CVD are similar in both groups; the uninsured are more likely to smoke cigarettes ( Table 1) .
Comparisons of Adults With Private and Public Healthcare Insurance
The mean age of the 2 groups was not different, whereas the publicly insured group was more likely to be women and from minority race-ethnicity groups than the privately insured group. Two thirds of adults with public insurance reported incomes <200% of the federal poverty level versus approximately 1 in 7 adults with private insurance. Approximately 64% of privately insured adults report at least some college education compared with %41% of publicly insured adults. Mean body mass index and percentages with hypertension, diabetes mellitus, CVD, and smoking cigarettes were greater for adults with public insurance. Yet, total cholesterol and LDL-C are lower among adults with public insurance ( Table 2 ). The prevalence of hypercholesterolemia (elevated LDL-C) was 32.7% for insured adults (30.8% for private and 41.6% for public insurance) and 25.7% for those without insurance. Prevalence was defined, in part, by individuals reporting they were taking prescription medication to lower cholesterol. However, 154 individuals (population weight, 2 120 757) reported taking medications that did not match to known lipid-lowering drugs but did match to known antihypertensive, antidiabetic, and other well-defined therapeutic classes (data not shown).
In those with hypercholesterolemia, awareness, treatment, and control were greater among insured than uninsured adults but were not significantly different between adults with private and public insurance from 2001-2004 to 2009-2012 ( Figure 2 ). Prevalent hypercholesterolemia was unchanged, and hypercholesterolemia awareness increased across insured and uninsured groups as well as adults with private and public insurance during this time period. Treatment and control of hypercholesterolemia increased over time in both insured groups but not in the uninsured group. Treatment and control were similar in both insured groups and higher than in the uninsured group.
Univariate and multivariate odds ratios of various independent variables with awareness, treatment, and control of elevated LDL-C are provided in Table 3 . Only a 10-year increase of age, private health insurance versus uninsured, ≥2 versus <2 annual healthcare visits, and hypertension were univariate and multivariate predictors of awareness, treatment, and control of LDL-C.
Aware of Elevated LDL-C
All factors, except diabetes mellitus, were univariate predictors of awareness. Age, male sex, healthcare visit frequency, at least some college versus less education, private insurance (versus uninsured), and prevalent hypertension were multivariate predictors.
Treated LDL-C Of 12 variables, 11 were univariate predictors of treated LDL-C, with the exception of male sex. In multivariate analysis, age, greater healthcare visit frequency, private and public insurance versus uninsured, and prevalent hypertension, diabetes mellitus, and CVD were significant predictors of treatment, whereas poverty was not.
Controlled LDL-C
Of 12 univariate predictors, 10 were related to LDL-C control, except male sex and diabetes mellitus. Multivariate predictors of LDL-C control included increasing age, white race, greater healthcare visit frequency, private and public health insurance (versus uninsured), and hypertension. Incomes <100% and 100% to 199% versus ≥200% were linked with lower LDL-C control.
Percentages of insured and uninsured adults with untreated and treated hypercholesterolemia and with treated controlled and treated uncontrolled LDL-C are depicted ( Figure 3 ). Uninsured adults were less likely to receive antilipid medication. Once they were taking antilipid medication, uninsured adults were slightly, but not significantly, less likely to attain LDL-C control. Percentages of privately and publicly insured adults with untreated and treated hypercholesterolemia overall and according to 10-year CHD risk categories are shown in Figure 3 . The percentages taking antilipid therapy were not different. Statin therapy was reported more often by adults with controlled than uncontrolled LDL-C for both insurance groups.
Discussion
The principal new finding of this report is that hypercholesterolemia was controlled in approximately 1 in 9 to 10 CVD remains a major health concern. In the United States, >1 500 000 adults experience a myocardial infarction or stroke annually, and %500 000 die from these events. 24, 25 Although not minimizing the importance of controlling hypertension and diabetes mellitus, treating all statin-eligible but untreated individuals in the United States by the 2013 Cholesterol Guideline was estimated to prevent >240 000 cardiovascular events annually. 5 There is long-standing interest in factors associated with limited detection and treatment of hypercholesterolemia, including low incomes, lack of health insurance, infrequent health care, and minority race-ethnicity. [6] [7] [8] [9] [10] [11] The Framingham Heart Study also identified insurance as a key variable in control of both hypertension and hypercholesterolemia, with adjustment only for age and related family members. 7 In a more robust multivariate model, healthcare insurance emerged as an independent predictor of hypertension, but not cholesterol, control in the ARIC (Atherosclerosis Risk in Communities) Study.
26 Figure 2 . Prevalence, awareness, treatment, and control of hypercholesterolemia by insurance status and type. Prevalence, awareness, treatment, and control of hypercholesterolemia are provided for uninsured adults and for those with private or public healthcare insurance. P values represent the significance of changes over the 3 NHANES (National Health and Nutrition Examination Surveys) time periods within each of the 3 groups. Prevalence was highest in the publicly insured, lowest in the uninsured, and intermediate in the privately insured over time. Awareness, treatment, and control were all significantly lower among uninsured than the insured groups for all time periods. Awareness, treatment, and control were similar in publicly and privately insured adults at each time period.
A key objective of this report was to increase clarity about modifiable factors affecting success with the NCEP III guideline in effect from 2001 to 2013 18 on the prevalence, awareness, treatment, and control of hypercholesterolemia. The insights derived from this analysis are intended to help inform education, policy, and healthcare delivery strategies to prevent more CVD with the 2013 Cholesterol Guideline. 1, 5 An important initial step in managing hypercholesterolemia is awareness. Although awareness increased in the uninsured over time, it remained lower than in insured adults (Figure 2) . In another report, awareness increased over time in uninsured adults, and the disparity with insured adults narrowed. 17 Greater awareness of hypercholesterolemia among uninsured adults was especially prominent in health professional shortage areas. 27 In this study, private, but not public, healthcare insurance was independently associated with awareness, although confidence intervals for the 2 payer types overlapped. Lower incomes were associated with less awareness in univariate, but not in multivariate, analysis, which suggests that income per se is not an independent driver of awareness. In contrast, female sex, increasing age, more frequent health care, at least some college education, and hypertension were independently linked with awareness. Once hypercholesterolemia is recognized, effective management is the next step. All variables in the logistic regression model, except male sex, were univariate predictors of treatment. Treatment of high LDL-C increased over time among all insured adults and for those with private or public healthcare insurance separately. Despite greater hypercholesterolemia over time in the uninsured group, treatment did not increase significantly. In multivariate analysis, older age, more frequent health care, private and public healthcare insurance, hypertension, diabetes mellitus, and CVD were all positively associated with treatment, but income was not. Thus, insured individuals, and especially those with greater cardiovascular risk who use health care frequently, are more likely to receive treatment for hypercholesterolemia. Another study reported that a usual source of care was the best predictor of receiving a statin for hypercholesterolemia. The 2013 Cholesterol Guideline does not include treatment goals for LDL-C, 1 unlike NCEP III 18 ; rather, risk-based intensity of statin therapy is given. Similar to treatment, LDL-C control increased over time for privately and publicly insured adults separately but not for uninsured adults (Figure 2 ). Like awareness and treatment, older age, more frequent health care, private health insurance, and hypertension were independently associated with better LDL-C control. Unlike awareness and treatment, lower household incomes and racial-ethnic minority status (black or Hispanic) were independently linked with poorer LDL-C control, whereas public healthcare insurance (versus uninsured) was associated with better control. Previous studies also found that income was independently associated with cholesterol control. 28, 29 These data suggest that even when treated, individuals with lower incomes and minority raceethnicity status are less likely to receive adequate therapy. Although publicly and privately insured adults had better LDL-C control than uninsured adults, once treated, there was not a significant difference in the proportion of insured and uninsured adults whose LDL-C was controlled ( Figure 3 ).
For modifiable variables, frequency of health care was the strongest independent predictor of awareness, treatment, and control of hypercholesterolemia. Although more than half of the uninsured with hypercholesterolemia report <2 healthcare visits annually, this was also true for nearly 1 in 4 privately insured individuals. Individuals who report using healthcare services less than twice annually are much less likely to be aware, treated, and controlled. Prior analyses of NHANES reported a higher frequency of health care in those with treated 9 and controlled hypercholesterolemia, 9,11 but the independent contribution was not provided. Framingham and ARIC reports did not address visit frequency. 7, 26 Unfortunately, successful efforts to raise awareness of hypercholesterolemia among uninsured adults have not increased treatment and control. Thus, efforts to increase awareness of risk factors through screening must be combined with follow-up care of individuals with treatable risk. Healthcare insurance, another modifiable variable, was associated with treatment and/or control of hypercholesterolemia in several reports [6] [7] [8] [9] [10] [11] [12] and independently associated with control 7 in one report, but not in another report. 26 Because frequency of care was included in the multivariate model, it is unclear whether this association is predominantly related to out-of-pocket cost of medications, which was not available for analysis. Previous research documents that outof-pocket costs are strongly and inversely related to medication adherence. 30 In fact, generic statins, which are generally less costly than proprietary options, are associated with better adherence and fewer cardiovascular events than proprietary statins. 31 Atorvastatin and rosuvastatin, the only 2 statins qualified for high-intensity therapy in the 2013 Cholesterol Guideline, are now generic. Limitations of this report include the small sample size, especially for uninsured and publicly insured adults, which diminished power for detecting differences within and between groups at various time intervals from 2001 to 2012. As with prior reports, 3,9,11 hypercholesterolemia was defined, in part, by adults reportedly taking prescription medication to lower their cholesterol. Yet, 154 participants, representing >2 000 000 US adults, reported taking medications to lower cholesterol that belonged to other drug classes. LDL-C control in NCEP III is an imperfect proxy for adequate intensity statin therapy in the 2013 Cholesterol Guideline. In summary, full implementation of the 2013 Cholesterol Guideline could significantly reduce the burden of preventable CVD and related health disparities. [1] [2] [3] [4] [5] On the basis of analysis of NHANES 2001 to 2012, according to NCEP III criteria, frequency of health care was the single most important factor in the awareness, treatment, and control of elevated LDL-C. Although awareness of hypercholesterolemia is increasing among uninsured adults, control is not. Thus, educational, healthcare policy, and healthcare delivery strategies to increase awareness of hypercholesterolemia must be linked to increasing the number of individuals who have access to and regularly use primary care to effectively manage their cholesterol-related vascular risk. Improving health insurance coverage and reducing out-of-pocket costs for evidence-based cholesterol treatment emerge as other important factors in effective cholesterol management. A rapid learning health system is essential. This system can promptly assess responses to quality improvement initiatives and refine protocols and resource allocation to optimize evidence-based CVD prevention.
